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By a direction 


the: patent office 

10 The invention relates to electric reiis,wi a 
and to a process for their production. 

1 he increasing u^e of transistors has re- 
sulted in attempts to reduce the dimensions 

15 white 6 , ° ° niC - C ' r ^ ,itS and constructions, 
15 whilst increasing the useful life and the re- 
liability of apparatus employing the tran- 
sistors. a " 

«iH 3 T type , and . so,id -type resistors in 
wh,ch the conducting layer is formed in the 
20 longitudinal direction of the resistor are 
difficult to miniaturise. It is difficult to con- 
struct sub-miniature resistors of a few ohms 
and in the case of resistors of several 
megohms, problems arise owing to the non- 
25 uniformity of the surface of the thin resist- 
ance layer applied to a ceramic substrate 
and owing to burning which occurs at the 
rcs.nor due to the considerable current den- 
sity and the reliability of resistors is some- 
30 times impaired by these factors. Resistors 
produced by the application of a resistance 
layer to a ceramic substrate, and solid resis- 

\Z X *a- *1 those of ,ow ohmic value) have 
the disadvantage that they are costly to pro- 
35 duce owing to the unfavourably lar^e 
amount of space required in their produc- 

2^Z l ^ X l° , im P rove the quality and reli- 
dr, Y hc kno i vn re sistors. the principle 

40 of transverse conduction has recently been 
ao».ied and the current conducto'rs are 
made parallel and surround the resistance 
wafer nrodu-cd bv a preceding nressin* 

45 ^ UCh resistors have the disadvan-' 

45 Meo 'hat d.,runt!on^ o-rur at various points 
owns: to the non-uniformity of the wafer 

This inventfon aims to obviate the afore- 
said d'sad vantages by means of a process 
[Price 5s. Od. (25p)] 
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the end portions of metallic contact ieaa- ^ 
out members into a liquid resistance ma- 
terial comprising an organic binder and 
cither an organic or inorganic conductor 
material, withdrawing the end porfons of 

^° Ut . memb , er s from the material so 65 
that a deposit of the material is formed on 
the end portions of the members, and dryine 
the deposit at elevated temperature 
rJ^H ,n . ve " t,on also provides an electric 
Hill ^ Vln ^' When in operafon, trans- 70 
verse and /or longitudinal current conduc- 
tion with respect to the dimensions of the 
resistor the resistor comprising metallx 

of n «H le fu'° U K men ? bers havin S ^ one end 

of each thereof res-stance material wh~h 75 

has been deposited on the ends in a liquid 
s**c and which ha, been hardened bv being 
subjected to an elevated temperature the 
reliance material comnrising P an or Jn=c 
binder and either an organic or inorganic 80 
conductor material. Of "he manv or£™ 
and inorganic conductor materials which 
may be emoloyed. lamp black is a oreferS 
organic conductor material and powdered 
teriai * prcfcrred inor ganic conductor ma- 85 

ow' hC ? r ° CeSS °* lhe invention, the de^red 
ohmic value may be produced by adjusting 
the concentration and viscosity of the i,a "d 
resistance material, and /or the area of the 90 
lead-out members and the di.fan-c between 
the lead-out members, and for the number 
o dips, and/or the duration and temnera- 
ture at which the drying of the drop of re- 
E material is carried out. Repeated 95 
dipping causes the cross-section of the re- 
sistor to increase, and this causes the ohmic 
value to decrease. Enlarging the area of 
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(54) ELECTRIC RESISTORS 


(71) We, HlRADASTECHNIKAI IPARI 

Kutato Intezet, a body corporate duly or- 
ganised under the laws of Hungary, of 67 
Vorosmarty utca, Budapest VI, Hungary, 
5 do hereby declare the invention, for which 
we pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement: — 

10 The invention relates to electric resistors 
and to a process for their production. 

The increasing use of transistors has re- 
sulted in attempts to reduce the dimensions 
of electronic circuits and constructions, 

15 whilst increasing the useful life and the re- 
liability of apparatus employing the tran- 
sistors. 

Layer-type and solid-type resistors in 
which the conducting layer is formed in the 
20 longitudinal direction of the resistor are 
difficult to miniaturise. It is difficult to con- 
struct sub-miniature resistors of a few ohms 
and in the case of resistors of several 
megohms, problems arise owing to the non- 
25 uniformity of the surface of the thin resist- 
ance layer applied to a ceramic substrate 
and owing to burning which occurs at the 
resistor due to the considerable current den- 
sity and the reliability of resistors is some- 
30 times impaired by these factors. Resistors 
produced by the application of a resistance 
layer to a ceramic substrate, and solid resis- 
tors Ci.e. those of low ohmic value) have 
the disadvantage that they are costly to pro- 
35 duce owing to the unfavourably large 
amount of space required in their produc- 
tion. 

In order to improve the quality and reli- 
ability of the known resistors, the principle 

40 of transverse conduction has recently been 
apolied and the current conductors are 
made parallel and surround the resistance 
wafer produced bv a preceding pressing. 
However, such resistors have the disadvan- 

45 tage that d^ruptions o-cur at various points 
owing to the non-uniformity of the wafer 

This invention aims to obviate the afore- 
said disadvantages by means of a process 

[Price 5s. 0d.(25p)] 


which renders possible under extremely 5o 
economical conditions the mass production 
of sub-miniature resistors of excellent reli- 
ability. 

Accordingly, this invention provides a 
process for the production of an electric 55 
resistor having, when in operation, trans- 
verse and for longitudinal current conduc- 
tion with respect to the dimensions of the 
resistor, which process comprises dipping 
the end portions of metallic contact lead- 60 
out members into a liquid resistance ma- 
terial comprising an organic binder and 
either^ an organic or inorganic conductor 
material, withdrawing the end portions of 
the lead-out members from the material so 65 
that a deposit of the material is formed on 
the end portions of the members, and drying 
the deposit at elevated temperature. 

This invention also provides an electric 
resistor having, when in operat'on, trans- 70 
verse and for longitudinal current conduc- 
tion with respect to the dimensions of the 
resistor, the resistor comprising metall*c 
contact lead-out members having at one end 
of each thereof res : stance material wh ,v h 75 
has been deposited on the ends in a liquid 
state and which ha* been hardened bv being 
subjected to an elevated temperature, the 
resistance material comprising an organx 
binder and either an organic or inorganic 80 
conductor material. Of the many organic 
and inorganic conductor materials which 
may be employed, lamp black is a preferred 
organic conductor material and powdered 
silver is a preferred inorganic conductor ma- 85 
terial. 

In the process of the invention, the desired 
ohmic value may be produced by adjusting 
the concentration and viscosity of the liquid 
resistance material, and /or the area of the 90 
lead-out members and the distance between 
the lead-out members, and /or the number 
of dips, and for the duration and tempera- 
ture at which the drying of the drop of re- 
sistance material is carried out. Repeated 95 
dipping causes the cross-section of the re- 
sistor to increase, and this causes the ohmic 
value to decrease. Enlarging the area of 
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the lead-out members has the same effect 
as repeated dipping. An increase in the 
duration of drying causes the ohrnic value 
to decrease. 

5 The process of the invention enables many 
electrical and mechanical faults arising in 
layer-type and solid-type resistors to be 
obviated. In addition, contact resistance 
from the mechanical attachment of the lead- 

10 out wire, for example, of the solder or of 
the securing cap, is avoided as is unsafe 
lead-out wire contact and mechanical 
strength fluctuations. The resistors pro- 
duced by the process of the invention may 

15 have a substantially higher specific loading 
capacity than known resistors, since the heat 
evolved during operation can be led out 
even from the centre of the resistor by the 
lead-out members, which have high thermal 

20 conductivity, thus avoiding burn-out at the 
centre of the resistor. Furthermore, the 
process of the invention enables the readily 
automated mass production of subminiature 
resistors of widely varying orders of magni- 

25 tude. 

An embodiment of the process according 
to the invention will be more fully described 
by way of example with reference to the 
accompanying drawing, in which : 
30 Figure 1 shows a longitudinally directed 
carbon or metal layer resistor known per se 
having a longitudinal resistance strip. 

Figure 2 shows, on an enlarged scale, the 
detached resistance strip of the resistor 
35 shown in Figure 1, 

Figure 3 shows in section a transverse 
resistance element and illustrates the appli- 
cation of the principle of transverse conduc- 
tion, 

40 Figure 4 shows diagrammatically an axial 
section, on an enlarged scale, of a sub- 
miniature first resistor having transverse and 
longitudinal conduction which has been pro- 
duced in accordance with the invention, 

45 Figure 5 is a transverse section of the 
subminiature first resistor, 

Figure 6 shows diagrammatically an axial 
section of a second resistor having substan- 
tially only transverse conduction and pro- 

50 duced by the process of the invention, with 
stepped construction of the resistance layer, 
and 

Figure 7 is a transverse section of the 
second resistor. 

55 Referring to the drawing, the resistor 
shown in Figures 1 and 2 has a resistance 
layer which is 100 mm long. 1 mm wide, and 
less than 1 p thick. It is in the form of a 
strip of non-uniform cross-section. The 

60 arrow shown in Figure 2 indicates the direc- 
tion of the current, in accordance with the 
conduction taking place in the longitudinal 
direction. In other words, there is longitu- 
dinal current conduction because the value 

65 of the resistance can be measured in prac- 


tice between the ends of the strip since the 
cross-section of the strip is very small rela- 
tive to the length of the strip. 

In solid resistors produced in rod or cylin- 
drical form by pressing from semi-conduc- 70 
tor material embedded in a binding agent, 
burning-out of the central part of the resis- 
tor often takes place owing to defective heat 
conduction. In the course of the reliability 
tests, a defectiveness of 0.009% in 1000 75 
hours is generally found in the base of crys- 
tal carbon layer resistors, and a defective- 
ness of 0.0005% in 1000 hours in the case 
of solid resistors. 

Referring to Figure 3, a pre-stressed plate- 80 
form resistance body 3 is gripped between 
lead-out members 1 and 2. The direction 
of the current is indicated by the arrow and 
it will be seen that this is in a transverse 
direction with respect to the length of the 85 
resistor body. Such a resistor may be 6.5 
mm long, 2.8 mm w*de and 1.7 mm thick. 
The dimensions cannot be reduced much 
more because of technological difficulties. 

Referring to Figures 4 and 5, one end of 90 
each of two current lead-out members 1 
and 2 is surrounded by resistance material 
3 by dipping the said ends in liquid resist- 
ance material. The resistance material 3 is 
protected by an enveloping protective layer 95 
4. The body of the resistor has substantial 
proportions in both the longitudinal and 
transverse directions and. accordingly, the 
resistor has both longitudinal and transverse 
conduction properties. In this resistor, cur- 100 
rent flows only between the lead -out mem- 
bers 1 and 2. 

Referring to Figures 6 and 7, a current 
lead-out member 1 is surrounded by a cylin- 
drical lead -out member 2. Disposed be- 105 
tween the lead-out members 1 and 2 are 
two separate layers of resistance material 
produced bv first dipping the lead-out mem- 
ber 1 into liquid resistance material to form 
the inner layer 3A, surrounding the lead- 110 
out member 1 and the layer 3A with the 
cylindrical lead-out member 2. and dipping 
the whole assembly of members 1 and 2 
and the layer 3A into more liquid resist- 
ance material so that a second laver 3B is 115 
formed between the layer 3A and the mem- 
ber 2. The open end of the resistor is 
closed by closure material 5 and the outside 
of the cylindrical lead-out member 2 is 
wiped free of resistance material whilst the 120 
resistance material is still liquid. Because 
of the location of the members I and 2, the 
resistance material participates in conduct- 
ing and the current can flow between the 
lead-out members 1 and 2 in a radial direc- 125 
tion. 

In accordance with the invention, for ex- 
amole, a 100 ohm resistor was produced as 
follows. Firstly, the material to form the 
drop on the contact lead-out members was 130 
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formed by mixing or grinding in a ball mill 
300 g. of carbon black, 98 g. of epoxy fatty 
acid ester, 42 g. of melamine and 90 ml. of 
toluene. Into the mass thus produced, were 
5 dipped two contact lead-out wires having a 
diameter of 0.5 mm and spaced 1 mm 
apart. The contact wires were subsequently 
withdrawn and the ends thereof remained 
connected together by a drop of the resist- 

10 ance material adhering to the two contact 
lead-out wires. After drying for 10 min- 
utes, the drop was further dried by being 
baked at 180°C for one hour. The resistor 
thus obtained was protected by a coating 

15 of any appropriate protective material, for 
example, a lacquer. If desired, powdered 
silver could have been used instead of the 
carbon black. 
WHAT WE CLAIM IS: — 

20 LA process for the production of an 
electric resistor having, when in operation, 
transverse and /or longitudinal current con- 
duction with respect to the dimensions of 
the resistor, which process comprises dipping 

25 the end portions of metallic contact lead- 
out members into a liquid resistance material 
comprising an organic binder and either an 
organic or inorganic conductor material, 
withdrawing the end portions of the lead- 

30 out members from the material so that a 
deposit of the material is formed on the 
end portions of the members, and drying the 
deposit at an elevated temperature. 

2. A process according to Claim 1 in 
35 which the binder contains an epoxy fatty 

acid ester, melamine and toluene. 

3. A process according to Claim 1 or 
Claim 2 in which the conductor material is 
either lamp black or powdered silver. 

40 4. A process according to any one of the 
preceding claims in which a desired ohmic 
value is obtained by adjusting the concen- 
tration and viscosity of the resistance ma- 


terial, and/or the area of the lead-out mem- 
bers and the distance between the lead-out 45 
members, and /or the number of dips, and/ 
or the duration and temperature at which 
the baking of the drop of material is car- 
ried out. 

5. A process according to Claim 1 and 50 
substantially as herein described for the pro- 
duction of an elastic resistor. 

6. An electric resistor whenever pro- 
duced by a process as claimed in any one 

of the preceding claims. 55 

7. An electric resistor having, when in 
operation, transverse and /or longitudinal 
current conduction with respect to the di- 
mension of the resistor, the resistor com- 
prising metallic contact lead-out members 60 
having at one end of each thereof resistance 
material which has been deposited on the 
ends in a liquid state and which has been 
hardened by being subjected to an elevated 
temperature, the resistance material compris- 65 
ing an organic binder and either an organic 

or inorganic conductor material. 

8. An electric resistor according to Claim 
7 in which the binder contains an epoxy 
fatty acid ester, melamine and toluene. 70 

9. An electric resistor according to 
Claim 7 or Claim 8 in which the conductor 
material is either lamp black or powdered 
silver. 

10. An electric resistor according to 75 
Claim 7 substantially . as herein described 
with reference to Figures 4 and 5 or to 
Figures 6 and 7 of the accompanying draw- 
ings. 

For the Applicants, 
LLOYD WISE, BOULY & HAIG, 
Chartered Patent Agents, 
Norman House, 
105 — 109 Strand, 
London, WC2R OAE. 
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